Abstract.
INTRODUCTION
The GSI accelerators provide all kinds of ion species in a broad energy range up to 2000 MeV/u. In the high energy beam transport lines, the ion beams extracted from the SIS synchrotron have to be carefully monitored at very different intensities, from a few thousands up to 10" ions per machine cycle. The beam extraction time varies between 10 ms and 10 s. Diamond beam detectors are under development as a unique monitor system especially for the following applications: 0 Precise beam intensity measurement using particle-counting techniques ranging from single ions to more than lo9 ions/s. Beam profile measurements by a suitable segmentation of the active detector area, with the ability for dynamic profile measurement during the spill. l Analysis of the particle spill time-structure using the high time resolution of the new detectors, which is better than 1 ns for low and high beam intensities.
Ensemble of Particle Detectors and Synchrotron Beam Diagnostic Devices
An overview of the counting capabilities of established particle detectors, the cryogenic current comparator (CCC), and the diamond detector is given in Figure 1 . The operation ranges of devices used for the observation and measurement of particle beams inside the synchrotrons SIS and ESR at GSI are also shown. One can see that the diamond detectors fit very well into the ensemble. A diamond detector, together with a CCC, can give complete intensity measurement capabilities for all particle beams in the SIS extraction lines. In the lower intensity range, the counting properties of diamond detectors can be verified using scintillators. In the medium range, they can be compared against beam current transformers (BCT) or calibrated ionisation chambers (IC) as well as secondary electron emission monitors (SEEM). In the highest intensity range, calibration can be achieved with the CCC. 1. Intensity ranges of particle detectors for spill-measurements and of diagnostic devices in the SIS for measurements of the circulating beam
CVD Diamond Properties
Chemical vapor deposition (CVD) polycrystalline diamonds show very promising properties for use in electronics as well as particle detectors. The most important parameters are listed below, together with, for contrast, the corresponding values for silicon. The highest thermal conductivity of all known materials (l), and the high energy of 80 eV needed to remove a carbon ion from the lattice lead to the diamond's excellent radiation hardness (2). Due to the large band gap, no p-n junction is required as in the case of silicon counters. After applying metallic electrodes, the diamond sample is ready for use as a detector. The high resistivity of the material allows the application of electric fields up to 6 V/pm. The low capacitance of diamond detectors in conjunction with high carrier mobility are is a basic characteristics for achieving narrow pulses.
Electronics for Diamond Detectors
A heavy ion passing a diamond detector produces a number of e-h pairs along its track, proportional to the energy loss in the material. The produced electrons and holes are separated by an applied electric field and move to the electrodes as long as they are not captured by chemical impurities or grain boundaries in the diamond bulk. This movement of the carriers within the detector's capacitance can be observed as a timevariant signal. The expected number of e-h pairs created by different ion species can be calculated according to the Bethe-Bloch formula. The estimate for the peak amplitude U, is based on the relation:
Where. Q is the generated charge, dt is the FWHM pulsewidth, and R, is the ampli$er input impedance
The calculated peak amplitudes for a diamond detector of thickness 265 pm, an active area of 7x7 mm2 , a capacitance of 10 pF, and a corresponding pulsewidth of 1 ns (FWHM) are shown in Table 2 . The quality of today's CVD material makes the collection of about 3040% of the electrical charge produced by heavy ions possible (3). Figure 2 shows a typical single particle signal obtained with a 10 GS/s single-shot digital storage oscilloscope @SO) from a diamond detector with a thickness of 330 pm. As expected, the signal is a short pulse of 800 ps (FWHM) width, the risetime is less than 300 ps, and the (l/e-) falltime is 1 ns. The corresponding frequency domain spectrum occupies a bandwidth of more than 1 GHz. Depending on the nuclear charge of the projectile, its mass and the detector thickness, the signal has to be preamplified by a factor between 1 and 1000 to keep the signal level within a 0.1-l V range for the electronics. In order to maintain the short pulse width, low-input impedance amplifiers have to be used. Careful matching of all transmission lines involved in the signal path is necessary to avoid signal reflections. The detector needs a bias voltage between 100 V and 3000 V DC decoupled from the preamplifier's input. 
Detector Characterization
The short pulse width of the detector signal and the gap between electronic background noise and the lowest amplitudes found in the pulse-height distribution are the important parameters that characterize diamond detectors for beam diagnostic purposes. They define the counting rate capability and charge collecting efficiency.
While the beam intensity inside the synchrotron was observed by a beam current transformer, the extracted 20Ne beam was measured by a diamond detector and simultaneously with an ionization chamber. In the test setup, the diamond detector and the ionization chamber were positioned at right angles to the beam's axis and both were located downstream. The pulses of the diamond detector have been counted using a 500 MHz time interval analyzer, The minimum time interval between two consecutive pulses was limited to 2 ns. The measured count rate was proportional to the beam intensity for rates up to lo* counts/s. Beyond this value, the random time distribution of the pulses reached the maximum time resolution of the time interval analyzer's electronics. It could also be observed that the idle count was zero. This zero noise particle counting capability for heavy ions has now been proved for more than 10 diamond detectors.
The pulse height distribution for the diamond detectors clearly shows a gap between background noise and lowest pulse amplitude. Figure 3 shows a typical pulse height distribution of a diamond detector with lead ions at 1 GeV/u used as projectiles. The improvement of the fast broadband amplifiers enabled us to characterize all diamond detectors with 5.45 MeV alpha particles. For more details on the characterization progress, see (4).
